The stomachs and proximal duodena of 160 cougars (Puma concolor) and 17 bobcats (Lynx rufus), obtained throughout Oregon during 7 yr, were examined for Cylicospirura spp. and associated lesions. Prevalence in cougars was 73%, with a range in intensity of 1-562 worms. The mean diameter of nodules was 1.2 cm (SD50.5), and many extended through the submucosa to the muscularis. About 83% of cougars had nodules; most nodules contained worms, but 14% of the smaller nodules (,0.2 cm) contained porcupine (Erethizon dorsatum) quills. A mean of 12.4 worms/nodule (SD534.1) was observed, with a maximum of 340 worms/nodule. Prevalence in bobcats was 53%, with an intensity of 1-25 worms. About 65% of bobcats had nodules, which were slightly smaller than those in cougars but appeared to involve similar layers of gastrointestinal tissue. One to 25 Cylicospirura sp. were found in all but two small nodules in bobcats. Cougars killed for livestock damage or safety concerns had a significantly higher median worm intensity than did those that died of other causes. Also, the median worm intensity of older cougars was higher than that of younger lions. There were more males than females killed for livestock damage or safety concerns. The cylicospirurid from cougars was Cylicospirura subaequalis, and that of bobcats was Cylicospirura felineus. These two similar species were separated morphologically by differences in tooth and sex organ morphology. They were also differentiated by DNA sequence analysis of the mitochondrial cytochrome c oxidase subunit 1 gene (cox1). Worm sequences from cougars differed from those from bobcats by 11%, whereas essentially no difference was found among worms from the same host. Phylogenetic analysis showed that within the order Spirurida, both cylicospirurids were most closely related to Spirocerca lupi, based on this gene sequence.
INTRODUCTION
Cougars (Puma concolor) are one of the most common large predators in Oregon with a recently estimated population of 5,100 (Oregon Department of Fish and Wildlife [ODFW], 2006) . Each year many are euthanized by governmental agencies when they damage livestock or threaten pets and people. Explanations for why cougars are involved in these situations include habitat encroachment, habituation to nonthreatening (nonhunting) humans, and younger cougars with unestablished territories being forced to share habitats with humans (Beier, 1991; Thornton and Quinn, 2009 ).
There are limited data on diseases and parasites of wild cougars, but such information does exist from captive cougars or those euthanized for safety reasons. However, these studies often involve small, isolated reports lacking a large enough sample size to evaluate the effect of diseases or parasites. Several parasites have been found in cougars, such as Trichinella spiralis (Kluge, 1967; Winters, 1969) , Alaria marclanae (Fischthal and Martin, 1977) , Nanophyetus salmincola (Kistner et al., 1979) , and Ollulanus tricuspis (Rickard and Foreyt, 1992) .
Many spirurid nematodes cause nodules in the gastrointestinal tract of their hosts. In felines, four Cylicospirura species are associated with these lesions: Cylicospirura felineus, Cylicospirura subaequalis, Cylicospirura advena, and Cylicospirura heydoni. The latter two species have been recorded only from felids in the South Pacific, whereas the former two have a cosmopolitan distribution. Cylicospirura heydoni infects marsupials in Australia (Spratt et al., 1991) ; however, it has also been reported from feral cats (Felis catus) in Tasmania (Milstein and Goldsmid, 1997) . The only record of C. advena is the original species description from a feral cat in New Zealand (Clark, 1981) . The type species, C. subaequalis, has been recorded from many hosts, such as cougar in North America (Waid and Pence, 1988; Rickard and Foreyt, 1992) , domestic cat in Asia (Silamban et al., 1996) , lion (Panthera leo) in the Congo and leopards (Panthera pardus) in West Africa (Sandground, 1929 (Sandground, , 1930 , tiger (Panthera tigris) in India (Alwar and Mudaliar, 1947) , jaguarundi (Puma yagouaroundi) in South America (Seesee et al., 1981) , and even the spotted hyena (Crocuta crocuta) in Africa (Round, 1968) . Cylicospirura felineus has also been reported from many felid species, including domestic and feral cats in Australia (Gregory and Munday, 1976; Pavlov and Howell, 1977; O'Callaghan et al., 2005) , Africa (Junker et al., 2006) , and Asia (Gill, 1972) ; Bengal tiger (Panthera tigris tigris) in Indochina (Yamaguti, 1961) ; and lynx (Lynx canadensis) and bobcat (Lynx rufus) in North America Watson et al., 1981) . Although both C. subaequalis and C. felineus are typically parasites of felids, there are records of the former infecting red fox (Vulpes vulpes) in India (Yamaguti, 1961) and the latter infecting arctic fox (Vulpes lagopus) in Alaska (Rausch et al., 1990) and red fox in Algeria (Round, 1968 ).
An earlier survey of gastrointestinal helminths in cougars killed in northeastern Oregon in the 1970s found no Cylicospirura spp. (Rausch et al., 1983) . However, in 2002, two of us (D.H.J. and R.J.B.) necropsied several cougars found dead in southwestern Oregon (Rogue Valley and Douglas County); the only sign of disease was peritonitis and nodules associated with nematodes in the stomach. Worms were identified as Cylicospirura sp. (Foreyt, pers. comm.) . This prompted ODFW to conduct necropsies on all dead cougars, and preliminary results from 20 cougars indicated that these parasites were linked to the deaths of many of the cougars killed for safety concerns (ODFW, 2006) . A question arose whether these prevalent infections could play a role in altering the behavior of cougars in Oregon because there are examples of this phenomenon occurring in other parasitized hosts (e.g., fish; Barber and Wright, 2005) .
Here, we present results of a survey of Cylicospirura spp. and associated nodules in the stomach or duodenum of 160 cougars and 17 bobcats from locations around Oregon collected over 7.5 yr. Data were analyzed to determine which cougars were associated with higher infections and which ones were being killed for livestock damage or safety concerns. Worms were identified by morphologic comparisons and sequence analysis of the mitochondrial DNA (mtDNA) cytochrome c oxidase subunit 1 (cox1) gene.
MATERIALS AND METHODS

Sample collection
The 160 cougar, 74 male and 86 female (Fig. 1) , and the 17 bobcat specimens examined were collected between August 1999 and February 2007. The causes of death for the cougars were as follows: 53 (33.1%) were killed because of livestock predation, 11 (6.9%) were killed for public safety reasons, 77 (48.1%) were killed by hunters, four (2.5%) were found dead, seven (4.4%) were killed by vehicles, two (1.3%) were illegally killed, and six (3.7%) were killed by some other type of accident. Cougars killed because of livestock and public safety concerns are referred to as problematic, whereas those in the other five categories were combined into a cause-ofdeath category called other.
Regulations require any person killing a cougar to submit the head, female reproductive organs, stomach, and proximal duodenum to ODFW. The agency analyzes both upper premolar teeth (if present) for determining age and also records date, method of kill, and location where the kill occurred. Cougars are considered adults at 2 yr old, based on criteria previously described (Ashman et al., 1983) . We divided the location of cougars broadly into eastern and western Oregon samples, based on the placement of sites in reference to the Cascade Range, as defined by Campbell et al. (2003) . These two regions differ in climate generally (and thus in habitats), with the east as high desert and the west as Mediterranean. All bobcat samples were obtained from hunters, and no further information was available for these specimens.
Specimen processing
Stomach and proximal duodenum from each specimen were opened separately after thawing. Contents were rinsed gently with water into nested sieves and sorted. Large helminths were separated, counted, and fixed in 10% formalin. The Cylicospirura species are red and are about 20-30 mm in length, so they were collected by gross inspection. However, smaller larvae were collected from a 149-mm copper screen with the aid of a hand magnifying lens. The size and location of nodules were documented before opening. Worms from stomach and duodenum and individual nodules were kept separate, counted, and fixed in 70% ethanol with 2% glycerin by volume. Parasites inconsistent with Cylicospirura spp. morphology were processed and stored separately. Prevalence, abundance, and intensity of infections are reported in accordance with the definitions provided by Margolis et al. (1982) and Bush et al. (1997) .
Species identification
The identification of Cylicospirura spp. was based on the examination of morphologic characteristics, such as tooth morphology, size of male spicules, and location of the vulva in females in reference to the esophageal junction. Worm measurements were obtained using SPOT advanced digital camera and software (Diagnostic Instruments Inc., Sterling Heights, Michigan, USA). These characteristics were compared with the redescriptions of C. felineus and C. subaequalis by Pence et al. (1978) and Waid and Pence (1988) , respectively. We examined 41 worms infecting cougars from 21 locations throughout the state that represented different geographic areas (N, S, E, W, and central), with one to four worms from each cougar. This nonbiased systematic approach of subsampling was used because evaluating all worms was impractical. One to two worms from every infected bobcat were examined, with 22 worms examined in total from bobcats.
Molecular analysis
Single Cylicospirura spp. worms were selected from eight hosts of each species (cougars and bobcats) from representative geographic locations in the study to use for mtDNA (cox1) gene sequence comparison. These individual worms were identified to the species level using morphologic criteria as described above. Total DNA extraction was performed using the Qiagen DNeasy Blood and Tissue kit per manufacturer's instructions (QIAGEN, Valencia, California, USA) on worms that had been cut into smaller pieces. The mtDNA cox1 gene from these samples was amplified by polymerase chain reaction (PCR) using the nondegenerative primer set NTF (59-TGATTGGTGGTTTTGGTAA-39) and NTR (59-ATAAGTACGAGTATCAA-TATC-39), as previously described for other members of Spirurida (Casiraghi et al., 2001) . The PCR master mixes were prepared for each DNA extract in 50 ml containing 5 ml of template, 100 pmol of NTF and NTR primers, and 25 ml of Ready Mix (New England Biolabs Inc., Ipswich, Massachusetts, USA). Amplifications were performed on a Peltier 200 thermocycler (MJ Research, now Bio-Rad Laboratories, Hercules, California, USA) with initial denaturation at 94 C for 7 min, 40 cycles at 94 C for 1 min, 50 C for 1 min, and 72 C for 1 min, with a final extension at 72 C for 10 min.
The PCR products were electrophoresed in a 1% agarose gel mixed with SYBR Safe DNA gel stain (1ml/ml; Invitrogen, Carlsbad, California, USA) and visualized using ultraviolet transillumination. Distinct bands of around 700 base pairs (bp) were excised and purified using the QIAquick gel extraction kit (QIAgen, Hilden, Germany). The resulting amplicons FIGURE 1. Geographic locations of 160 kill sites of Oregon cougars sampled for nodular stomach worms (Cylicospirura sp.), 1999-2007. were sequenced on an ABI Prism 3730 Genetic Analyzer with the BigDye Terminator v. 3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, California, USA) using the same primers as for the PCR. In total, quality sequence data were obtained from six C. felineus and five C. subaequalis specimens. Electropherograms were examined manually and edited using BioEdit (Ibis Therapeutics, Carlsbad, California, USA; Hall, 1999) . The resulting sequences were entered into the National Center for Biotechnology Information (Bethesda, Maryland, USA) GenBank basic local alignment search tool (BLAST; Altschul et al., 1997) , and 15 of the closest matches were used to create a multiple sequence alignment using ClustalX (Larkin et al., 2007) .
Phylogenetic analysis
Phylogenetic analyses were performed on the multiple sequence alignment using the neighbor-joining and maximum parsimony methods in the MEGA4 software package (Tamura et al., 2007) with 10,000 replicates to determine the bootstrap value as a measure of robustness. MrBayes (Ronquist and Huelsenbeck, 2003) was used to perform a Bayesian analysis of the data set using a general time reversible nucleotide model and an inverse gamma substitution rate. Analyses were run for 1,000,000 generations and sampled every 100 generations. Trees before convergence were discarded to reconstruct the resulting Bayesian consensus tree with posterior probabilities. All trees were reconstructed using Strongyloides stercoralis as a putative outgroup, because it has been used in several other phylogenetic studies involving spirurids (e.g., Traversa et al., 2007; Iorio et al., 2009 ). Interspecific and intraspecific pairwise distances between the two Cylicospirura species sequences and those from closely related genera were calculated using MEGA4 with the Kimura-2 parameter model including all codon positions.
Histology
Three nodules from a single cougar were examined by histology. Previously frozen nodules were fixed in 10% buffered formalin, processed using standard techniques, and stained either with hematoxylin and eosin or with Masson's trichrome.
Statistical analysis
All statistical comparisons were conducted with either S-PLUS version 8.0 software (Insightful Corporation, Seattle, Washington, USA) or R version 2.7.2 (R Project for Statistical Computing, Wien, Austria). The specimens were grouped into cause-of-death categories labeled problematic and other as described above. The intensity of worms and abundance of nodules were compared between these two groups using an exact Wilcoxon rank-sum test. This nonparametric test was used in lieu of t-tools because the assumption of normality was violated based on the Kolmogorov-Smirnov goodness-of-fit test.
The sex, sample site (eastern vs. western), and age (youth vs. adult) were also analyzed in relation to the cause-of-death categories by using Fisher's exact tests. Lastly, sex, age, and site were analyzed in relation to intensity of worms and abundance of nodules. Statistical significance was set at P,0.05 and P-values are two-tailed.
RESULTS
Almost 120 cougars were infected with Cylicospirura sp. (Table 1 ). Nodules were found in 83% of the cougars, with 89% of these animals infected with Cylicospirura sp. The remaining 11% of cougars were not infected with Cylicospirura sp. but had a single nodule in their stomachs. Four of these cats had porcupine (Erethizon dorsatum) quills in their nodule. At least one nodule containing worms occurred in 73% of infected cougars, whereas only 27% of infected cougars lacked worms in all of their nodules. The mean diameter of nodules was 1.2 cm (range50.2-4.5 cm), and the mean depth was 0.6 cm (range50.1-3 cm). Worms were found in 65% of the nodules .0.2 cm, whereas many of the very small nodules (#0.2 cm) had worms in them, and some contained porcupine quills instead. A mean of 12.4 worms/nodule (SD534.1) was observed, with a maximum of 340 worms/nodule. In cougars, all stomach and duodenal nodules that contained worms were found near the pyloric sphincter, with the exception of four nodules that were about 5-10 cm distal to the esophageal sphincter. Large nodules in cougars contained many worms residing together in the same tissue cavern ( Fig. 2A, B) . In one instance, an intact nodule from a cougar extended to the serosa and was filled with a suppurative exudate.
Prevalence in bobcats was 53%, with intensity ranging from 1 to 25 worms found in all but two small nodules. About 65% of bobcats had nodules, and 82% of these were infected with Cylicospirura sp. The mean diameter of nodules in bobcats was 1.1 cm (range50.1-2.5 cm), and the mean depth was 0.4 cm (range50.1-0.8 cm), which was slightly smaller than those in cougars were and appeared to c Problematic cougars were those killed for damage control or safety concerns.
* Statistically significant difference (P,0.05) between the medians within comparative groups (the mean was not tested).
involve similar layers of the gastrointestinal tissue. Histology of cougar nodules showed that they tended to be confined to the submucosal layer but, in one instance, elicited mild serosal inflammation through a compressed tunica muscularis. The nodule lumen usually communicated with the gastric lumen via a fistula or a small ulcer through the mucosal layer. The core of the nodule included one or more worms plus necrotic (sometimes partially mineralized) cellular debris with an outer zone of macrophages, neutrophils, plasma cells, and a few multinucleate giant cells. The wall consisted of regularly alternating lamina of broad collagenous trabeculae separated by cords of densely packed, pleomorphic mesenchymal cells with minimal stroma (Fig. 3) . At the periphery, the fibers in these collagenous septa were oriented in a parallel pattern, and there were fewer pleomorphic mesenchymal cells. Along the inner aspect of the capsule, the fibers were interwoven around evenly spaced stellate cells, resulting in an appearance that resembles trabeculae of woven bone that lack osteoid. The densely packed mesenchymal cells between the collagenous septae had a high nucleus:cytoplasm ratio with poorly defined cell boundaries. Nuclear details were obscured by freezing and autolysis but one or more nucleoli were typically visible.
Comparing cougar sexes, no statistical difference was found in the median worm intensity or nodule abundance (P50.72 and P50.88, respectively, exact Wilcoxon rank-sum test; Table 1 ). Also, there were no geographic differences in median worm intensity and nodule abundance (P50.26 and P50.17, respectively, exact Wilcoxon rank-sum test); infections were the same east and west of the Cascade Range (Table 1) . Median worm intensity was greater in adult than young cougars (P,0.01, exact Wilcoxon rank-sum test; Table 1 ), with adult cougars having about 16.5 more worms than young cougars had (95% confidence interval [CI]58-37 worms). There was no difference in median nodule abundance between adult and young cougars (P50.20, exact Wilcoxon rank-sum test; Table 1 ).
There were no significant differences when comparing the two categoric causes of death with cougar age and geographic location (P50.20 and P50.11, respectively, Fisher's exact test). However, there were significantly more male (n524) than female (n519) cougars that were classified as problematic (P,0.01, Fisher's exact test).
Cougars that were killed because of safety and livestock concerns (problematic cougars) had more than a two-and-a-half times greater mean intensity of infection than did those that died from other causes (Table 1) , and the median worm intensity of these cougars was significantly greater than those grouped as other (P50.03, exact Wilcoxon rank-sum test; Table 1 ). The problematic cougars had a median worm intensity of 8.0 worms more than the cougars killed for other reasons (95% CI51-21 worms). However, there was no significant difference in median nodule abundance between the two death categories (P50.31, exact Wilcoxon rank-sum test).
Infection prevalence in bobcats was 53% (9 of 17 bobcats), which was about two-thirds the prevalence of cougar infections. Worm intensity in bobcats ranged from 1 to 25 worms/cat, with a mean of 10.9 worms/cat (SD57.3), which was about three-and-a-half times less than that of cougars. The biggest difference between infections of bobcats and cougars was the maximum intensity, with a cougar harboring approximately 22 times more worms than a bobcat. The abundance of nodules in bobcats ranged from 0 to 3 nodules/cat, with a mean of 1 nodule/cat (SD50.94). As with cougars, most nodules in bobcats contained worms, with only two of 11 bobcats (18%) containing nodules without worms. In contrast to cougars, all nodules containing worms were located in the stomach near the esophageal sphincter. Also, nodules in bobcats had multiple, small, tube-like spaces, and each contained two worms. Histology was not conducted on nodules from bobcats.
Regarding worm identification, representative samples from infected cougars were identified as C. subaequalis, whereas samples from all infected bobcats were identified as C. felineus. This was based on the differences in distinct tooth morphology between the two species, C. subaequalis having bifid teeth and C. felineus trifid teeth (Fig. 2C, D) . Morphologic differences in genitalia were also used for species differentiation. In females of C. subaequalis, the vulva is posterior to the esophagointestinal junction, whereas in C. felineus it is anterior. In males of C. subaequalis, the spicules are more unequal in length than are those of C. felineus, with the large spicule of C. subaequalis approximately twice as long as that of C. felineus. The following measurements are all in millimeters. The measurements of male spicules of C. subaequalis were as follows (n566; SD in parentheses): the long spicule ranged from 1.9 to 3.5, with a mean of 2.9 (0.53); the short spicule was 0.2-0.6, with a mean of 0.4 (0.07). Those of C. felineus (n533) were as follows: the long spicule was 1.0-2.1, with a mean of 1.4 (0.4), and the short spicule was 0.4-0.9, with a mean of 0.5 (0.2). Also, although not a definitive characteristic, C. subaequalis males typically have four papillae on the tail, whereas those of C. felineus have five (Waid and Pence, 1988) .
The length and width measurements for C. subaequalis (n566), respectively, were 6.2-29.3, with a mean of 19.4 (5.7), and 0.2-0.6 with a mean of 0.4 (0.10). The length and width measurements for C. felineus (n533), respectively, were 12.5-25.4, with a mean of 18.1 (4.0), and 0.3-0.9 with a mean of 0.6 (0.2). The female worms of both species were always much larger than the male worms. The measurements of C. felineus and C. subaequalis were consistent with that of previously published redescriptions by Pence et al. (1978) and Waid and Pence (1988) , respectively.
The single worms occupying one nodule each, which were found near the esophageal sphincter in four cougars, were of too poor integrity to identify based on morphology. However, these samples were used for sequence analysis and two of the four samples provided sequences identified as C. subaequalis. Lastly, there were two cougars that contained either 1 or 15 Physaloptera sp. (spirurid) inside a nodule with C. subaequalis worms. Similarly, there was one bobcat that contained a single Physaloptera sp. inside a nodule with C. felineus worms. These worms were identified to the genus level based on observation of the prominent expansion of their cuticular sheath on the anterior ends.
Sequence data from the mtDNA cox1 gene were obtained from six C. felineus (GenBank accession number GQ342967) and five C. subaequalis (GenBank accession number GQ342968) specimens. The contiguous consensus sequences constructed were both 689 bp. Pairwise distance between the two sequences from the different species was 11.4%. In contrast, the maximum difference within species (i.e., worms from the same host species) was ,0.5%.
The multiple sequence alignment of 18 spirurid taxa consisted of 600 nucleotides with 375 sites conserved among all 18. Overall mean distance was 0.15. Phylogenetic reconstructions using all three methods produced trees with similar topology; however, phylogenetic trees reconstructed using the neighbor-joining and maximum parsimony methods based on the sequence of the cox1 gene (data not shown)
were not robust. Although they showed high bootstrap values for the clade formed by the Cylicospirura spp. and the clustering with Spirocerca lupi, the values for deeper branches of the tree were low. The tree produced using Bayesian analysis (Fig. 4) was the most robust at all levels based on posterior probabilities and again showed that the Cylicospirura spp. form a clade and group closely with S. lupi.
DISCUSSION
The main aims of this study were to identify parasites associated with stomach FIGURE 4. Phylogenetic relationships of Cylicospirura species with related nematodes. Reconstruction computed using MrBayes software with a general time-reversible model and an inverse gamma substitution rate. Values shown at nodes represent posterior probability values based on 1,000,000 generations. The tree was rooted using Strongyloides stercoralis as a putative outgroup.
nodules in cougars and bobcats in Oregon and to map the distribution of infections. Using this large data set, we evaluated the correlation between nodule-forming worms and problematic cougars. These parasites were confidently identified as C. subaequalis in cougars and C. felineus in bobcats by morphologic and molecular comparisons. These two species have been found previously in wild felids in North America. Cylicospirura felineus infects bobcat and lynx but not cougars. Cylicospirura subaequalis was first found in cougars in Texas (Waid and Pence, 1988) and later in Washington (Rickard and Foreyt, 1992) , but a survey of cougars in neighboring northeastern Oregon in the 1970s did not detect any cylicospirurids (Rausch et al., 1983) . However, that study did not include visual inspection of the gastroduodenal mucosa. The first infection in Oregon was found by one of us (D.H.J.) in 2002.
Some early studies considered C. felineus and C. subaequalis to be conspecific (Chabaud, 1959; Skrjabin, 1991) , but others have maintained them as separate species (Sandground, 1932; Yamaguti, 1961; Pence et al., 1978, Waid and Pence, 1988) , based on the distinctive tooth morphology of C. felineus (trifid teeth) and C. subaequalis (bifid teeth). Our results support the views of the latter authors because we found differences in both morphology and gene (cox1) sequence. Here, we demonstrated an 11% difference in the mtDNA cox1 gene sequence between C. felineus and C. subaequalis, which is consistent with that found between other species of spirurids (Traversa et al., 2007; Iorio et al., 2009) .
Some accounts of Cylicospirura spp. infecting felids might be erroneous. For example, the early record by Seurat (1913) of C. subaequalis infecting the African wild cat (Felis silvestris lybica) in Algeria is clearly C. felineus, based on his description and illustration of trifid teeth. This was likely due to C. subaequalis being the only known species at the time.
Subsequently, authors such as Round (1968) recognized that and included the proper name in their checklists of helminth parasites of African felids. Similarly, previous reports of C. subaequalis infecting lynx in Canada (Threlfall, 1969; Van Zyll De Jong, 1966) and bobcat in Texas (Little et al., 1971) have been regarded as dubious by Pence et al. (1978) , based on their identification of specimens as C. felineus in bobcats and lynx from the same locations.
Further complicating the views of host specificity is that C. felineus has been listed as a rare parasite of Arctic foxes, with a prevalence of ,0.2% in .1,500 samples in Alaska (Rausch et al., 1990) . Round (1968) also lists this parasite infecting red fox in Algeria. Another species, Cylicospirura skrjabini, also infects foxes from Russia (Kozlov, et al., 1964) and displays similar trifid tooth morphology as C. felineus, based on the drawings of Baylis (1927) , but with slightly more pointed ends. Rausch et al. (1990) speculated that C. skrjabini, which typically infects foxes, may also occur in Alaska because of its close proximity to Russia; thus this parasite could have been misidentified as the commonly felid-specific C. felineus. Evaluation of these worms using molecular methods would likely help to resolve these issues.
The taxonomic and phylogenetic relationships within the order Spirurida have been unclear. This order is split into two suborders, Camallanina and Spirurina, which are divided into two and 10 superfamilies, respectively, based on morphology and life-cycle characteristics (Chabaud, 1975) . However, with the advent of molecular biology and sequence analyses, other taxonomic arrangements have been proposed (e.g., Traversa et al., 2007; Iorio et al., 2009) . Based on available sequences in GenBank, the two species in our study were closely related, and their closest relative appears to be Spirocerca lupi. Both genera are placed in the family Spirocercidae (Chabaud, 1975) . Both C. felineus and C. subaequalis are cosmopolitan parasites, with records of either species infecting felids or canids from six of the seven continents (Junker et al., 2006) ; Antarctica lacks suitable hosts. Prevalence of C. felineus in bobcats may vary. Pence et al. (1978) reported the prevalence in bobcats from Texas and in lynx from Alberta, Canada, to be about 70%, whereas prevalence in bobcats from Nebraska and West Virginia were only about 12% (Watson et al., 1981) and 10% (Tiekotter, 1985) , respectively. This species occurs at a very low prevalence (4%) in domestic and feral cats in Australia (Pavlov and Howell, 1977) . In our study, C. felineus was detected in 50% of bobcats from Oregon. For C. subaequalis, cougars from Texas are infected at a prevalence of 50% (Waid and Pence, 1988) , which was lower than the prevalence detected in our study. The mean intensities of C. felineus have been documented to be consistently less than that of C. subaequalis. For example, the mean intensity of C. felineus in bobcats was 8 worms/cat in Nebraska (Tiekotter, 1985) , 8-10 worms/cat in Texas Pence and Eason, 1980) , and 3 worms/cat in West Virginia (Watson et al., 1981) . These intensities were much lower than the mean intensity of C. subaequalis in Texas cougars (53.6 worms/cat; Waid and Pence, 1988) . Our findings are in agreement with these accounts because the mean intensity of C. subaequalis in cougars was about threeand-a-half times higher than that of C. felineus in bobcats.
The life cycles of Cylicospirura species are unknown, but based on descriptions of other members in the Spirocercidae family (e.g., Spirocerca lupi), they probably involve insect intermediate hosts or a paratenic vertebrate host. Stone and Pence (1978) proposed that spirurids, such as C. felineus, may be transmitted via paratenic hosts because bobcats are strictly carnivorous. Oregon bobcats target smaller species, such as snowshoe hare (Lepus americanus), rodents, and insectivores; however, they may also prey on black-tailed deer (Odocoileus hemionus hemionus) and mountain beaver (Aplodontia rufa; Toweill and Anthony, 1988) . Cougars in Oregon prey on (in descending frequency) deer (Odocoileus spp.), elk (Cervus elaphus), porcupine, snowshoe hare, and deer mice (Peromyscus spp.; Maser and Rohweder, 1983; Toweill and Maser, 1985) . Some mice feed heavily on insects, and thus they would be a likely paratenic host for Cylicospirura spp. in cougars and bobcats.
Most of the stomach nodules in bobcats and cougars in Oregon were infected with Cylicospirura spp., and thus we conclude that they were the cause of the lesions. All but 15 cougars contained nodules associated with C. subaequalis, and four of these worm-free nodules contained porcupine quills. Two cougars and one bobcat had nodules that were coinfected with a Physaloptera sp., which was likely a secondary invader. A similar scenario has been noted with nodules formed by C. felineus in North American bobcats that also contained Cyathospirura chevreuxi . These authors stated that C. felineus was always in nodules, and C. chevreuxi primarily occupied the lumen, suggesting that this parasite raided lesions produced by C. felineus. Previous studies have implicated the Cylicospirura species as the cause of gastrointestinal nodules in felids. For example, the presence of C. subaequalis inside nodules has been recorded in cougars (Waid and Pence, 1988; Rickard and Foreyt, 1992) and a jungle cat (Felis chaus; Pillai, 1981) , and C. felineus has been found inside nodules of bobcats (Watson et al., 1981) . Other studies have further described this relationship by evaluating the histopathology of these lesions associated with C. felineus in bobcats (Tiekotter, 1985; Pence et al., 1978) and in a domestic cat (Junker et al., 2006) , and with C. subaequalis in a domestic cat (Rahmen and Hegde, 1971) , and C. advena in a feral cat (Clark, 1981) . Our findings were consistent with previ-ous reports in terms of the overall microscopic organization of the nodules. Unlike Spirocerca lupi, nodules associated with Cylicospirura thus far have not been shown to progress to neoplasms.
It is not possible to determine the clinical effect of the nodules, but in one instance, a nodule from a cougar that extended to the serosa might have progressed to perforation and peritonitis. Occasional large nodules partially occluded the pyloric sphincter, which may have compromised digestion. Thus, these gastric parasites have the potential to render their hosts less fit to hunt wild prey. Few cases have attempted to evaluate the role of disease on cougars attacking humans. In a review of cougar attacks during a 100-yr period, Beier (1991) found only two reports of diseased cougars attacking people: one cougar had rabies and the other had cataracts. Indeed, our analysis showed that cougars that were killed because of their interactions with livestock or humans (problematic cougars) had a significantly higher mean worm intensity compared with those killed for other reasons.
Cougar age and sex were both significant factors in our analysis that could be potentially confounding variables. In general, more young cougars are killed for problem reasons than those taken during the hunting season in Oregon (Trainer and Golly, 1992) , presumably because of inadequate territory. However, we did not find younger cougars to be more frequently problematic. Perhaps this is because adult cougars were associated with higher worm burdens, which may be debilitating, and thus contributing more to the pool of problematic cougars while diluting the association seen with younger cougars. The increased burden observed in older cougars could be attributable to new infections continuously being obtained throughout time. Our findings that more male cougars were associated with being problematic than were females could be related to differences in behavior and territoriality. Lastly, we did not detect significantly more problem cougars from the more populated western part of the state than the eastern side. This finding is not in accordance with the habitat-encroachment hypothesis; however, we may not have been able to detect such a pattern because of the coarse scale used in our study.
In conclusion, we have demonstrated with molecular and morphologic methods that C. felineus and C. subaequalis are separate species, as has been noted by previous authors (Sandground, 1932; Yamaguti, 1961; Pence et al., 1978, Waid and Pence, 1988) . Although we found a statistical correlation with increased worm intensity in problematic cougars, a plausible scenario is that the presence of large numbers of these parasites causes minor debilitation in the cat but is not directly responsible for the poor health and associated problem behavior. Alternatively, cougars near farms or in urban areas may consume more infected intermediate or paratenic hosts, or perhaps debilitated cougars prefer prey items that serve as these hosts. ACKNOWLEDGMENTS J.A.F would like to graciously thank the funding agency, ODFW, for the employment opportunity to conduct research unrelated to his thesis. We acknowledge R. Green (ODFW) for coordinating transference of samples and accompanied information and A. Kent for assistance with sample necropsies. 
